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YMCRO!EASMTGFBIZEOFDUST PARTICL.ES l \ \
T -

Yu. 0. Fantko
NIOGAZ Iedoratories
17 March 1947

Using the field of a microscope to compute the aizes of dust particles
is convenieut in determining their extrems 8izes, 1. eo., the largest and
the smallest. The difficulty enconntered in using a sufficiently lurge
quantity of particles in order to obtain an average, prevents the use of
this method on specimens of neavier dust which ars polydispersed in composi-
tion. In these cases, to Justify the law of large nambers, the measured
emount of particles muat constitute & definite purt of the weight of the
specimen examined. :

The vork is facilitated and the accuracy of measurement is increasod
by the uze of microphotography. On a photographic plate, a large number
of fields can be taken, vhich after enlaygement can be quite simply and
quickly measured. A reticulated ocular micromster 1s fitted on the len:
of a camera, attached to a microscope tube, by means of a carefully ad-
Justed collar. Tke number of gradations on the micrumeter is determined
in advance by means of an object micromster. Thus, ve immediately get,
on the negative, pictures of the grains distributed on the screen; more-

" over, transference of the nogative to a retioulated screen, or ephoto-
graphing to plot the screon on the negative, is avolded. It is possidle
to do without photography 1f the pictures of the field are reflected, by

© Beans of a double refraction prism, on ap screen on vhich measursments of
the sizes of particles can de made, as in enlarged photography.

These methods makXe 1% posaidle So enlarg» pictwres of particles in
the field of the miocroscope, at least 20,000 times, and permit rspid and
exact msasurements, by the use «f an oxdinary millimeter scele. But,
vhether tne measurements are made directly in the field of the aicroscope,
or by microphotography, in ali cases they are made by the visual pro-
Jection of the particles. Thereby, systemntic error is introduced in
determining the average gize of the perticies, since most Just particles,
baing three-dimeneional bodies, lie on a Plane swrface be~auve of the
large projection.
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Furthermore, determination of the third dimension of the particles e G ey !

.. hes, in addition to its gemeral importance, a very great value in corrsotly
iiv determining the hydrsulic eize and speci®ic surface of the particles, which
.o play-an essential role in the problems of £iltering gases and liquids that Wy
T corry hexd particles of matter auspendsd in them.

RS ‘The purposs of the present article is to demonstrate the MMH‘W
Fiofa sulfflclently accurate and objective determination of the sizes of Pine .
particles of solid matter in three dimensions.

b . In petiigrephy there is & methol for exact determination of the +thick-

St negs of & section according to the interference color of the minerals.

* - Another simpler but less exact method is messuring by the differsnce in
tLe pitoh of the micrometer screw in focusing the microscope on the upper
and lower surfaces of the oross section. Our problem, using ths simpler
principle s a besis, 18 to increase acowracy in determining the third
dimension of micio-objecte by making use of a gterecptical effect. With
nicro-observed objects that are asufficlently large in relstion to the
length of & light wave, the effect depends cn thelr distance from the
enterior focal plans of the lens along & visusl beem.

Calculations demonstrate that, in principle, there are no difficulties
in devising & method for such measurements.

In. stereophotography 1% is not necessary t¢ make any direct measura-
mente of the object., It is enough to heve two photographs of 1% , teken
from two different points, the dimtance betwoen which, called the base,
is known.

Fl'guro 1 .)

ot Figure 1 shows how the position of a point of an object in the
; plane, called normal in a particular cese, can be determined on the dasis
of stereophstometric data. This case, which 1s basic for us, is character-
ized by the coincidence with the center of tke photograph, of the base of
a perpandicular, dropped from the optical center of the aystem to the suvr-
face of the photograph. For the beginning af the coordinate system, &
point to the left on the base C 1s sslected; the other end of the dase is
+Placed at the point Cy--the second point for the camera to stand. Thus:
L iz the base length; 0, is the image of the point O on the left-hand
i negai’ »»; Op the imege of O on the right-hand negative; 01C := £, the
- | 11stence to the imegs in the carercz; CCC; 1s the angle of perallax; D, -
- the unimcwn dletance of the point O to the base, may be determirod, as may
te seen fiom the figurs, from the ratio:
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D= 1£/1. (1)

Here L and f are constents, and 1 is the lineaxr perallax measured on the
negatives.

In employing equation (1) it 1s neceseary to place the magnitude
D at an equal distence, by optical beam, between the focus located on the
plane passing through the bese of the particle to be measured end the Pocus
in the plans cerried paraliel tao the firet through the top of the same
rarticle. Hence, the deduced ratio (1) shows that meagurenent of the
depth of ‘misrosWigetsy: in a vertical direction, can be replaced by measurs-
ment of the linear dimensicns on the plane of their images.

It should bs pointed out that, because of the great msgnification
afforded. by the microscope, the sterensecpic effect 1o greetly 'nereased.
Thie 18 evident from the following eimple calculaticn, If the dimtence
betwsen .the centers of the oyes, the “optical” tase I dencted by b; the
dietance firom & point to the base in & perpendicular direstion, by r; end
the angle of parallax by &, we may assume thrat

r s
&

The:.size of the angle of parallax & is usually expressed by the
leest angle ¥ at which the eye digtinguishes two noncoincident points y
vhen expreseion (2) takes the form 7uvc  Decauss of enlargement by
the microscops, the size of the angl is diminished; 1f K is the magni-
fication of the microscope,

the stereoscopic effect 1s increased k times,

For our purposes thers iy no need for the value of the outer coor-
dinates and therefore there is nc question of error in the outer orieuta-
tion which is essential, for instancs, in geodesy. On the other hand,
error in the inner orleatation, the detsrmination of the size £ in partie-
uler, ig of the greatest importance. Consequently, it im necessary for
the microcamera to be edjusted to a mechanicel ratio so that the prlate is
held straight and very close to the frame. Dust or dirt in the gape muot
bte eliminated gc that the focal length of ‘the camera will not te altersd
because cf abrupt chzngss in temperature--conditions which are hard to
obtein in fisld work but may usually be odtained in laboredtories.

By d!fferentilating expression (1), it 1s rossible to determine the
effect on calculation of the amcunt of distance produced by sizor in deter-
mining the size 1:

i a )
1
1= 1% be substituted,

ar = D241,
1
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T4 followe from squations {3) and (L), that the ewr~u . 'n. determining

tLe third dimens.on of the object 18 proporiional to the sgquere of the
dietance and in inverse proportion to 12,

This factor is very important in asrial photography, since it limits
the :altitnde. But in our case the probebility of error is insignificant
since it is dovermined dy the distence of the obJect from the lens of the
microscope and 18 expressed by a few millimeters for week lenses and frac-
tione of a millimeter for strong lenses.

If L is consldersd to be a variable, by differentiating {1) and using
the same subatitution, we shall find the relatiuvn of ihe error in D %o the
dimengion of the base to be:

an = D arn .
1 . St
or
4D - 4L,
D 1

(53
It is evident from equation (5) that the relstive exror i. detecrminl-g
the thickneas 18 in inverse proportion to the dimension of the bass.

Ve determined the dimension of the base by displacement of tle
microsdope slides and found 1t to be less than 2 millimetors in all cases.

Enlargement of the base during micromesasurements was limited by the
constrretion of the miorophotographic apparatus and by the epherical aber-
ration of the lenses of the mioroscope.

)

In ordinary (horizontel) messurements of the sizes of particles, the
boundaries. of the field were likewise limited by the dimensions of the
B screan or scale; that 1s, to 2 millimeters. Hence the problem of accuracy
v ) in determining sizes in a vertical direction loses its epecific meaning
. L : and ig connected with the general problem of the accuracy of measurements
under the microscope in the visual field. These measurements dspend on ¥
the technical equipment and, ai. present, can be brought to & matisfactory . -
degree of accuracy. ' k2

Experiments in Volumetric Micromeesurement of Dust Particles

The constiruction of a microscope permits adjusting 1ts stage so that
1t will be absolutely parpendicular to the tube. To obtain stereomicro-
phctograne, use is made of a special mioroscope witk two tubes. It is, “ow-
ever, poscibls to work with a simple microscope. In the latter cese one L :
of the methods lascridbed is used. T v

< ) ) The position of the object on thLe steage remeins fixed. FYor stereo-
: photogrephy nee 1s made, firat, of one half of the lens and then of the
other hall’. There 1o insertved bstwesn the lens and the cnd of the tube
) 2 eaditiensl devlce, in the form of & semicircular diaphragm, by meins
- ’ of which first ons half and then the other half of the lens is opensd to
. ednit the light Tcys. Each stersophotograph 1s mada on two separats
S x 12 platee -~ on the two halvee ¢f & 13 x 18 plate. In this ceee the :
unillimineted Lelf of the plate ls covered by a plece of cardboard. . ~

. Another method of stareophotegrerhy consisis in moving the lens elther
.. esgparately or with the cemera.

The +tuird methcd we ermployed consisted in moving the object by the

. . N
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modne of slides. The disitence the s8lidss vers moved wez fetein?lool by
gradetions on them, by means of a vernier, accurate o 1/10" i!llineter.

- This digtence wves the baae and it did not excsedl 1.5 millimetey. fecpure-
zents  were made in the following menner. An image of the microsecjpe field
vee reflectedor & screen, producing & 3€,000-power onlargement. This alss
iscludes the microscope megnification factor. The ccordiretes of the
extrens. points of eash particle, which determine its size in relaticn to
the centrel point of the grid reflected on this same screen,were measured
by ¢ slide gauvge accurate to 0.1 millimeter. Then the slides were
‘moved and the same msasurements were made i1.. reletion to the same begl:-
nirg of the coordinates with the nev positics of the particles. Differen e«
Yetween the doordinates of corresponding yointa were celeulsted ancordirg o
these data. Undsr-all comditions these mempurements were the moezt asgurate ob-
teined by eny existing method for determining the sizes of perticles of &
solid substance.

Average Sizes of Dust Particles Calculated Frow Deta on
Horizontal and Volumetxic lieapursments

ith T4
Ordinexy Thicknees Crdirery Thichness
Meagurements Calenlated Jiessuremsnip Celunlete.:

58.5 4.
100, 83.3
L6, 39,
127. 65.6
45.75 23.8
16.35 7.6
62,25 54.8
244, 0 181.
195. 87.
81,5 65,
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The table givas the averasge sizas of the same particles calculated
aorcording tc data on horizontal and volumetric weasurements. The material
vas taker from dust semplss’ obtained from Underground Gas Weli 48 (Podzemgaz),
ocontaining, in addition to coel particles, up to 87 percent rock particles.

The deta in columms 1 and 3 were calculated as an arithmetical mean of
two messurcmants on the surface of the victures: the greatest distance de-
twoen the two extreme points eaxd the distance bstween twn other pointe In
& perpendioular direction. The data in columrs 2 end 4 were caloulated as
an average of three dimensions, the third of which was determined by the
stereometric method desoribed above. From tho date in the tadle it may be
veen how much error is allowed by the ordinsry planar methol of measuring
the eizes of dust particles.

Ceaclusions

1. Voluretris or stemsamstric measw:ement of the sizes of dust per-
ticles w?ar the microscope permits the most accurate determinstion of
their sires, sincs the systematic error in determining the size of par-
ticlec by piansy ~rojoction is elimirated.

2. Kothencticel anelyeis of errors possible in the velumetrie
wegsurenont ¢ 2uct perticles shows that, decause of the ‘.’ uiffe nt
distance betvesi. the objec. end the mic-oscope lene, &n? loc Yo vee 7
the grest nignificetion affurded by the latter, the crrorr releilve i~
the smell gizo of the buse end tho linear parellsx are ncgli idle.

2, The use of modern optical equimment and photograpuic apparatus
permivs messuremonts voourate to (.1.«<of perticles larger. thim i2 s,
S itye MoiBesy han hedsisgthooles tiden posaidle.

-END-
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